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ABSTRACT

In 2014 the Swedish National Space Agency (SNSA) initiated the development of a generic microsat platform by
Swedish space industry with the ambition to give science and academic institutes recurring launch opportunities
every 3-4 years. The program is called the Innovative Research Satellites Programme and the platform is called
"Innosat". The program has two overarching goals. The first is to conduct viable, high quality science, and the
second is to be able to do this at a relatively low cost to be able to support a recurring programme. The first mission,
“Mesospheric Airglow/aerosol Tomography and Spectroscopy” (MATS), has suffered some launch delays due to
the delay of the primary spacecraft, but is now set for a launch in November 2021. This paper outlines Sweden's
national approach, both to the spacecraft platform and to the selection and support of the payload developments. A
description of the microsat platform is given, including lessons learned, from the completely new design and
development. This is done using comparisons of gained experience from OHB Sweden and in previous larger ESA
programs and smaller national missions. The MATS payload concept, led by the Department of Meteorology of
Stockholm University, is designed to investigate atmospheric waves in the transition region between the atmosphere
and space (75-110 km). By performing tomographic analysis of 2D images, 3D reconstruction of the waves can be
done, allowing MATS to provide the first global map of the properties of atmospheric waves in all spatial
dimensions. The Innosat program, and the MATS mission, is profiting from the changing and rapidly developing
micro/smallsat hardware market, whilst building on several decade long heritage of smallsat development and flight
heritage. Innosat fills a size segment larger than Cubesats and smaller than traditional smallsats, in which advanced
missions for a wide range of different applications are becoming feasible thanks to miniaturization of subsystems
onboard both the platforms and payloads. A smaller commercial version of the Innosat platform has already been
built and launched as of January 20th, 2021. This was done in record time – from project start to launch in only 14
months, payload specification T-8 months, launch signature T-6 months. These missions are now the foundation for
the follow-up mission in the Innovative Research Satellites Programme, named SIW as well as the ESA Artic
Weather Satellite constellation.
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INTRODUCTION

THE APPROACH

As small satellites have had a long history within the
Swedish space program, both nationally and bilaterally, it has become a natural progression that the
Swedish National Space Agency (SNSA) has continued
its commitment to support small satellite missions and
the access to space for national institutes. With the
advent of “new space”, it was time to refresh the small
satellite approach and hence the Innosat program was
started in 2014 to take advantage and reflect new
technologies, options and suppliers that have since
become available. This paper presents the journey in
summary, showcases the two satellites currently built
on this platform, and the future applications.

Recognizing this, the SNSA created a first initiative
simply called the “NRE”, Non-Recurring Engineering
phase from roughly 2015-2017. The end goal was
clear: take the existing small satellite heritage, learn
from large program ESA techniques, scan the current
space industrial supplier market, and combine these to
design a new platform that could serve as a costefficient means of access to space for leading scientists
and institutes.
The main drivers of the platform were:

BACKGROUND
Starting back in 1986 there has been a consistent flow
of small satellites developed and flown from Sweden,
all of which have been focused on science or
technology demonstration – Viking, Freja, Astrid-1,
Astrid-2, Odin, SMART-1, PRISMA Mango and
Prisma Tango [1]. Each of these have been rather
unique in mission and design, and as a result can barely
be called “cut-and-paste” or “build to print” type
missions. In this regard, OHB Sweden and Swedish
industry in general have become rather proficient in
solving unique and demanding missions in a smallscale program. In a sense, Sweden has been doing
“new space” for decades!
In parallel to this, OHB Sweden has participated in
large ESA/NASA programs such as SolO, PLATO,
ORION, Euclid, BIOMASS, ADRIOS and COMET-I,
as well as telecom programs such as H2Sat, EDRS,
HAG-1 and Electra, which in all creates a knowledge
and understanding of large program requirements,
system design, reliability, hardware selection and
management.

•

Total spacecraft mass of 60-80 kg, supporting
a payload of 20-30 kg

•

Fit withing the piggyback or secondary
payload constraints of a selected set of
launchers.

•

Provide a sufficient thermal environment and
power supply to allow for a range of payload
types to be flown.

•

Modest pointing and data requirements that
then are applied to the payload (to avoid
extreme, aka expensive, payload and mission
types).

•

Ideally tuned to a specific SSO LTAN to
simplify power management.

The main areas of optimization in a general design
approach are shortly discussed below.
Selective Redundancy
As the mass, cost and complexity increases naturally
with redundancy, and key selection of critical
components and re-analysis of traditional reliability
values was required. In short, a fully redundant system
could not be accepted and a partially redundant
architecture that meets the needs of a limited 2-5 year
Low Earth Orbit “LEO” mission could be proposed.

The combination of applying the good, extensive
heritage practices from ESA and telecom in a practical
sense towards small satellites and lower budget
missions is the building blocks of experience required
behind the Innosat Program. Two fields of engineering
approaches combined to make “new space” better.

Yet, purely mathematically, it became difficult to
quantify these values using traditional Failures in Time
“FIT” values coming from extensive (expensive) test
campaigns to allow for reliability calculations. Many
“new” suppliers rely on building and flying many units,
and not having at-hand traditionally tested FIT values
and performances.

With the changing field of new suppliers, new
procurement approaches, faster production, smaller
payloads, mini-constellations, it is clear that heritage
missions of Swedish small satellites could be given a
re-boot and take advantage of the current trends in the
space industry.

Thus, a selection of suppliers that were deemed “best in
class” was made with respect to new microsatellite
equipment suppliers. From these, a push to collect
some flight days/months/years data and make a rough
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estimate of equivalent Mean Time to Failure, but even
this is difficult as not all suppliers are very public with
their failures. A “confidence level” is then applied, in
combination with an expected mission duration, to
generate an overall system reliability.

Avionics and Software
Often the physical nature of the platform and satellite
are seen as the driver in complexity, though historically
it has been seen that nearly every mission is unique and
in the end requiring specific mechanical and thermal
work, design and adaptations. Kept within a certain
size, configuration and power dissipation, these areas of
work can be minimized to “typical” solutions in terms
of materials, loads, modes, passive thermal solutions.
This means that it is accepted that this work will always
be present and accounted for.

Product Assurance and Procurement Plan
It is clear that many new suppliers in the small and
micro satellite industry are not in the position to answer
upon a full set of thousands of generic requirements and
a large library of standards building on the European
Cooperation for Space Standardization (ECSS).
Understanding this prerequisite and to ensure that the
best hardware was not de-selected due to paper work, a
specific Product Assurance “PA” and Procurement Plan
for an Innosat-type supply chain was created. This
allowed the project to capitalize on adopting such a
strategy, such as reducing the burden stemming from
requirements administration, focusing on current
qualification (not pushing for delta-qualification),
reducing design meetings and instead focusing on
quickly bringing in the units and hardware on-site, to
allow for larger scale system testing.

On the other hand, the majority of complexity, testing,
system functions, failure handling, operations, lies
heavily intertwined in the avionics architecture, attitude
and orbit control (AOCS) and software (SW). These
areas can involve tens of thousands of hours to rework,
redefine, design and procure.
As a result, a heavy focus has been made to stay as
close as possible to a defined avionics architecture,
software architecture and attitude orbit control design.
The main On-Board Software (OBSW) below, linked to
telecommand/telemetry and power management, as
well as the suite of previously discussed baselined
units, is tunable depending on the mission and hardware
requirements, but changes are minimized in the
interfaces. Application cores and resource layers can
be adjusted or updated if needed, but the overall
architecture remains the same for each mission.

In a sense, the mission and design are then tuned to the
available off-the-shelf hardware, qualifications, and
performance, and not the other way around. It also
avoids having to create a completely new set of
requirements for each supplier.
Early on in the project, the NRE-phase was focused on
generating a Qualification Status List, which could
quickly establish a supplier baseline from the single list.
Purchase Orders then became streamlined with a
supporting simplified unit specification, tuned to the
supplier, not the mission. This became a key factor in
later re-use for quick procurement for a future
commercial mission which will be discussed further.
System and Verification Engineering
There is much to be taken from the traditional sense of
system and verification engineering, though a reduction
in the effort behind the process is required in order to
keep the team size small and the tempo high.
Innosat does use traditional tools of build logs, NonConformance Reporting, review items, and procedures,
but they are applied using internal, online, shared and
collaborative tools and test benches which allows for
efficient processing of test results, actions and
closeouts. These tools and methods were already taken
from lessons learned from PRIMSA [2] and rely
heavily on a tight relation between the engineering
team, and not on large external reviews and guidance.
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This configuration is thus already present on three flight
platforms, a hardware/avionics test bench (ATB) and a
software simulator. In practice this means that 20-25
engineers within the smallsat team are currently
running, and are familiar with, the flight code, despite
the fact that the software team consists of only 4
people.

and engineering required.
The mission may be
complex, as is any satellite, but the team can grasp the
overall system and deltas in a meaningful way.
“Team members tackling complex environments must
all grasp the team’s situation and overarching purpose.
Only if each of them understands the goal of a mission
and the strategic context in which it fits can the team
members evaluate risks on the fly and know how to
behave in relation to their teammates.” [3]

This shared use and knowledge between engineering
disciplines, of the central system of the platform, is
seen as a key advantage certainly during testing and
development but also in operations, as the Mission
Control Centres for these missions are housed within
the same building and run by the same engineers.

APPLYING THEORY TO PRACTICE
From the outcomes of the NRE-phase, the MATS
mission was then the first in the line of programs to fly.
“MATS” stands for “Mesospheric Airglow/aerosol
Tomography and Spectroscopy” and the mission’s
primary objective is to investigate atmospheric waves
in the transition region between the atmosphere and
space (75-110 km). By performing tomographic
analysis of 2D images, 3D reconstruction of the waves
can be done, allowing MATS to provide the first global
map of the properties of atmospheric waves in all
spatial dimensions. [4]

This process is governed internally by an “Innosat
Software Development Plan”, which sets the
environment for development, continual software
integration, verification, and flight code management.
SCALING COMPLEXITY
Based on the above effort to constrain the complex
subsystems to several architectural directives, the
Innosat derivatives can focus on the effective solution.
Large amount of time is then saved in avionics,
software, AOCS, failure detection, isolation and
recovery (FDIR), redundancy, procurement, product
assurance, system engineering and verification.

This is a lofty goal for a satellite of less than 60kg and
200W, but the launch is nigh, in November 2021 and
has clearly taken time from 2017 to now. But taking
into consideration that MATS is the first Innosat that
was built, and the project was parked for nearly a year
due to launch delays as a secondary payload, four years
is relatively quick.

Figure 2: Innosat versions
This leaves time to focus on the delta, the
accommodation, the size, the physical problems which
are in general easier to solve. With this in mind, the
difference between a 40kg spacecraft and a 400kg
spacecraft is less daunting. As businessman and
management theorist, Peter Drucker, was quoted:
“Efficiency is doing things right; effectiveness is doing
the right thing.”
By focusing the developments on the right areas, and
creating a deep shared understanding of the system, any
derivatives become quicker and easier to assess and
design for. The team is responsible, skilled and trusted
in the solutions they create. The result is missions that
may look very different, but the brain, heart and blood
of the design is effectively the same, reducing the time
Nils Pokrupa
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The true test came in May of 2019 at which time the
commercial request came to build a “bring in to use”
mission called GMS-T, with a launch in January 2021.
The Innosat design was established, MATS was to a
large extent complete (though waiting for the launch),
and the suppliers and processes were in place. The
project was started with hardware procurement in
September 2019, the payload interfaces were shared in
May 2020, the launch contract was secured in July
2020, and the launch was on January 20th 2021.

from launch to in-flight operations. This will again be
applied using the same methods within this year for the
MATS November 2021 launch.
APPLYING PRACTICE TO THE FUTURE
As the industry now moves towards more opportunities
with small launchers, more secondary payload
opportunities, more rideshares, acceptance of “new
space” methods, new suppliers on the market, smaller
payloads and smaller platforms, it is the goal of Innosat
to meet future challenges using these possibilities.

Constraining the mission to the aforementioned
hardware selection, the avionics procurement was
kicked off months before the payload was even known.
This was done quickly by reissuing the purchase orders
and specifications that had already been used for
MATS, with next to zero discussion on mission specific
requirements for most suppliers. In this way, the large
job of starting the hardware procurement and delivery
process was reduced to a minimum, and in some
extreme cases just simply changing a document number
on existing paperwork to re-send to previously selected
unit/equipment suppliers.
Within three weeks after launch the full LEOP, payload
commissioning, thruster commissioning and the
mission’s primary “bring in to use” objective were all
achieved. Most certainly in the space domain this
would qualify as “the speed of light”.

Figure 5: Innosat derivatives
It should not come as a surprise to those Utah SmallSat
conference participants who have been involved for 35
years that the trend of 5-15 ton spacecraft is decreasing
and that this fact has been apparent for a long time. The
trend for small satetllites is the opposite – small sats are
growing in number and capability. This is seen and
appreciated by SNSA and the Swedish space industry
that has been continuously working in this area for
decades.
The result is reflected in the future activities and
Innosat derivatives that are currently in process. The
original SNSA initiative to provide the institutes with
quick and effictive access to space is still active, and
the second SNSA Innosat mission has already been
chosen – Stratospheric Inferred Winds (SIW) [5].

Figure 4: Flight integrated GMS-T (mounted to the
Rocket Labs kick-stage)
Clearly the two spacecraft, MATS and GMS-T, have
two very different functions and are physically rather
unlike, but the commonalities lie in the topics discussed
above which allowed for such a rapid design solution.
The knowledge sharing between the existing MATS
team and new GMS-T teams - including build, test,
launch and operations – was a key aspect in being able
to meet such an aggressive timeline. Again, as learned
in the PRISMA operations [2], having flight directors
and operators with a background in all the design and
on-ground testing is a large asset to a quick turn-around
Nils Pokrupa
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Following SNSA’s original principle that the platform
shall be standardized as best as possible so as to focus
the development effort on the payload, the SIW payload
is constrained to effectively the same mass, power,
volume and resources as MATS.

CONCLUSIONS
Sweden has for a long time, due to the budget
constraints yet high science ambitions of a smaller
nation, been pushing the capabilities of small satellite
missions for decades. It is as of now, with a change in
the acceptance of “new space”, changes in launch
options, and new suppliers on the market, that SNSA
and Sweden can achieve steps in new areas based on an
Innosat platform. An Innosat-based mission is already
successfully in orbit since January this year, the second
will be launched later this year, and the future looks
bright for even larger ambitions in the form of miniconstellations.

Whereas SIW is again a single payload, single mission
approach, the trend is also clear that small satellites in a
mini-constellation of 12 or 16 satellites can provide
considerable advantages in terms of good science on a
small payload, but much greater global coverage and
faster revisit times when it comes to new areas of
interest. Past missions that were previously reserved
for large “infrastructure” missions are now being
considered for small satellite mini-constellations, as
payload sizes reduce and user needs are more
demanding in terms of coverage.
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